Several effective constituents, such as vanillin, ferulic acid, senkyunolide I, senkyunolide H, coniferyl ferulate, Z-ligustilide, butylphthalide, senkyunolide A, and levistilide A, are unstable and possess mutual transformation relationships in Chuanxiong Rhizoma (CR). Traditional Chinese medicine mainly involves decoction, and the content of effective constituents and antiplatelet aggregation bioactivity (AAB) in CR may vary with different decoction time (10 min, 20 min, 30 min, 40 min, 50 min, and 60 min). Here, we showed that coniferyl ferulate and levistilide A were detected in CR material, but not in the decoction. e effective components possessed transformation and degradation in CR decoction of different times. e effective components and the strength of AAB at 10 and 20 minutes were the strongest, followed by 30-50 minutes, and 60 minutes were the weakest by analysis of SIMCA-PLS in CR decoction of different times. In the Pearson correlation analysis, there were correlations (P < 0.05) between effective components, which were ferulic acid and senkyunolide I (coefficient was 0.976), ferulic acid and senkyunolide H (coefficient was 0.972), senkyunolide I and senkyunolide H (coefficient was 0.982), senkyunolide A and butylphthalide (coefficient was 0.974), senkyunolide A and Z-ligustilide (coefficient was 0.947), and butylphthalide and Z-ligustilide (coefficient was 0.993). Effective components (ferulic acid, senkyunolide I, and senkyunolide H) and AAB were correlated and the Pearson correlation coefficients were respectively 0.965, 0.973, and 0.999. In the stepwise regression analysis, senkyunolide H and senkyunolide I were correlated with AAB (P < 0.05). Senkyunolide H (H) was positively correlated with AAB, senkyunolide I (I) was negatively correlated with AAB, and its expression was AAB � 1.187 * H − 0.199 * I − 0.422. ese findings indicate that there are some correlations between effective components and AAB in CR.
Introduction
Chuanxiong Rhizoma (CR), the dried rhizome of Ligusticum chuanxiong Hort. (Umbelliferae), is one of the most commonly prescribed traditional Chinese medicines (TCM) for activating blood and removing stasis (effect of TCM) [1] . Recent studies have shown that CR and related Chinese patent drugs are prescribed for the treatment of cardiovascular and cephalagra diseases [2, 3] . e main constituents of CR include phthalides and phenolic acids. Phthalides include Z-ligustilide, senkyunolide A, senkyunolide I, senkyunolide H, and butylphthalide [4] [5] [6] . e effects of Z-ligustilide are vasodilatation and neuroprotective [7, 8] . Senkyunolide A, senkyunolide I, and senkyunolide H can inhibit the formation of thrombi, increase cerebral blood flow, and reduce cerebral vascular resistance [9] [10] [11] [12] . Butylphthalide imparts neuroprotective effects [13] [14] [15] . Ferulic acid and coniferyl ferulate are the main constituents of phenolic acids [5, 6] . e effects of ferulic acid include antithrombosis and antiplatelet aggregation. Sodium ferulate is a common cardiovascular drug [16] . Coniferyl ferulate imparts antioxidant and vasodilatation effects [17] . Vanillin is the raw material or intermediate for many cardiovascular and cerebrovascular drugs (e.g., methyldopa) [18] . Traditional Chinese medicine mainly involves decoction. Most effective constituents of CR are unstable and easily decompose or transform. For example, Z-ligustilide readily oxidizes into senkyunolide I and senkyunolide H or polymerizes into levistilide A in air or with heating [19] . Coniferyl ferulate is easily hydrolyzed into ferulic acid and coniferol during extraction or when left to stand as a liquid [20] . Coniferol can be further oxidized to vanillin [21] . Senkyunolide A is unstable, and is easily oxidized and isomerized into butylphthalide [22] (Figure 1) . erefore, different decoction times could contribute to changes in the content of the active substances. e syndrome of blood stasis is strongly associated with thrombus-related diseases. Platelet aggregation is one of the direct causes of thrombosis. Antiplatelet aggregation bioactivity (AAB) is an index that reflects the dissipating blood stasis activity of CR [23] . Different decoction times could also contribute to changes in AAB of CR, resulting in differences in clinical efficacy.
To date, no study on the determination of multiconstituents and AAB in CR decoctions at different decoction times has been conducted. In this study, the ultraperformance liquid chromatography (UPLC) method was utilized to quantitatively determine the content of nine constituents (vanillin, ferulic acid, senkyunolide I, senkyunolide H, coniferyl ferulate, Z-ligustilide, butylphthalide, senkyunolide A, and levistilide A) in CR materials or decoctions at different decoction times, and the AAB was determined simultaneously. In different decoction time periods (10 min, 20 min, 30 min, 40 min, 50 min, and 60 min), the difference in effective constituents was analyzed by SIMCA-PLS and cluster analysis, and the difference of AAB was analyzed by Student-Newman-Keuls. e correlation between effective constituents and AAB was assessed using SIMCA-PLS, Pearson correlation analysis, and stepwise regression analysis.
is study conducted a basic assessment of using CR in TCM. . e injection volume was 2 μL. e detection wavelength was set to 280 nm. 1% Acetonitrile was selected as mobile phase A, and glacial acetic acid (V/V) was selected as mobile phase B. e linear gradient elution of A was performed as follows: 18%-25% A at 0-4 min, 25%-46% A at 4-5 min, 46%-62% A at 5-9 min, 62%-72% A at 9-12 min, 72%-100% A at 12-15 min, and 100% A at 15-20 min.
Materials and Methods

Materials and
Preparation of CR Methanol Ultrasound Extraction.
Each dried material was pulverized to 50 mesh. Approximately 0.5 g of pulverized powder was accurately weighed and then extracted with 50 mL methanol by ultrasound extraction (300 W of efficiency, 45 kHz of frequency) for 1 h, cooled to room temperature, and the final solution volume was adjusted to 50 mL with methanol.
Preparation of CR Water Extraction.
Each dried material was pulverized to 50 mesh. Approximately 0.5 g of pulverized powder was accurately weighed and then extracted with 50 mL pure water by decocting (100°C) for 10 min, 20 min, 30 min, 40 min, 50 min, and 60 min, cooling to room temperature, and the final solution volume was adjusted to 50 mL with pure water. e solution was centrifuged at 6,000 r/min for 20 min. e supernatant was collected and passed through a filter (0.22 μm mesh size).
Determination of AAB
Test Substance Solutions.
e test substance solutions are citrate three sodium anticoagulant (3.2%, W/V), adenosine-5-two sodium phosphate solution (C 10 H 13 N 5 Na 2 O 10 P 2 ; final concentration: 10 μmol/L), and positive drug solution (sodium ferulate, final concentration: 2 mg/mL).
Preparation Solution of CR Sample for AAB Analysis.
Each dried material was pulverized to 50 mesh. Approximately 0.5 g of pulverized powder was placed into each of the 10 conical flasks, to which 50 mL of pure water was added.
e solution was weighed and decocted for 10 min, 20 min, 30 min, 40 min, 50 min, and 60 min, to complement weightlessness. e extract was filtered with a gauze, centrifuged, and then subjected to vacuum filtration with a filter paper. e extract was concentrated to about 5 mL by decompressing (85°C, 15 min) and then transferred to 10 mL volumetric flasks. Pure water was added to volume and then shaken well. Approximately 1 mL of the extract was placed in a 10 mL volumetric flask, mixed with 1.5 mL of DMSO solution to dissolve, and then physiological saline was added to volume and shaken well.
e solution was transferred to a centrifuge tube and centrifuged at 6,000 rpm for 20 min, and then the supernatant was collected.
Preparation of Platelet-Rich Plasma (PRP) and PlateletPoor Plasma (PPP).
Heart blood of the normal rabbits was collected and mixed with trisodium citrate solution as anticoagulant. e ratio of trisodium citrate solution and blood was 1 : 9.
e anticoagulant and blood were mixed thoroughly by gently inverting the centrifuge tube.
e mixture was centrifuged at 800 rpm for 10 min twice. e upper plasma, which was the platelet-rich plasma (PRP), was collected. e lower layer of blood was collected from the first centrifugation and then centrifuged at 3,500 rpm for 10 min.
e upper layer of the plasma was platelet-poor plasma (PPP).
Determination of Platelet Maximum Aggregation Rate In Vitro and Calculation of Inhibition Rate.
Approximately 280 μL of PPP was added to three turbidimetric tubes, which each contained 10 μL of the physiological saline, 10 μL of the positive drug, and 10 μL of the sample solution, as corresponding blank solutions. Approximately 280 μL of PRP was placed into another three turbidimetric tubes, to which each was mixed with 10 μL of physiological saline, 10 μL of the positive drug, and 10 μL of the sample solution, as corresponding sample solutions. e platelet aggregation instrument was preheated to 37°C, and then 10 μL of physiological saline was added to the blank solution and placed into the test hole to zero. e platelet aggregation rate was determined by preheating the platelet solution for 60 s and adding 10 μL of adenosine-5-sodium diphosphate (C 10 H 13 N 5 Na 2 O 10 P 2 ) solution. e inhibition rate of platelet aggregation of the samples or positive drugs was calculated using the following formula: platelet inhibition rate°�°(saline group maximum aggregation-sample or positive drug group maximum aggregation)/saline group maximum aggregation°×°100%. Parallel determination of each sample was performed 3 times [24] . 
Statistical Analysis.
e results of effective constituents were analyzed by SIMCA-PLS and cluster analysis. e AAB results were expressed as the mean ± SD (standard deviation). e data were compared by one-way ANOVA followed by Student-Newman-Keuls with SPSS 19.0 software (Palo Alto, CA, USA). e differences were considered statistically significant when the different subsets in the subset of alpha � 0.05, conversely, the same subset was no significant difference. e correlation between constituents and AAB was analyzed by Pearson correlation analysis and stepwise regression analysis. In the Pearson correlation analysis, the differences were considered statistically significant when P < 0.05, and bivariate correlation coefficients were expressed. In stepwise regression analysis, when the value of R 2 was larger, the model was more accurate. e differences of linear regression were considered statistically significant when P < 0.05.
e relationship between independent variable and dependent variable could be expressed by expression.
Results and Discussion
Validation of Methodology.
Development of the calibration curves: calibration curves were developed from the chromatographic peak area relative to the weights of vanillin, ferulic acid, senkyunolide I, senkyunolide H, coniferyl ferulate, Z-ligustilide, butylphthalide, senkyunolide A, and levistilide A. And limit of detection (LOD, S/N � 3) and limit of quantification (LOQ, S/N � 10) were calculated. e results are shown in Table 1. e accuracy, repeatability, and stability (12 h) were evaluated by the peak areas of the nine constituents, with six samples in parallel, and they were expressed as RSD (%) within 5%. e result is shown in Table 2 .
Analysis of Multiconstituents in CR Decoction at Different
Decoction Times. When CR was extracted by the water in the extraction solvent, coniferyl ferulate can be hydrolyzed into ferulic acid and coniferol. At the same time, phthalides in CR are unstable and are easy to be degraded and transformed in the heating process. erefore, in order to retain the nine active ingredients of CR to the greatest extent and which represent the ingredients contained of CR, 100% methanol was chosen as the extraction solvent, and ultrasonic extraction for 60 minutes was used to represent the nine active ingredients in CR [20, 21] . CR methanol extraction represented nine constituents of medicinal materials (0 min) (Figures 2 and 3 and Table 3 ). When the RSD value of the components was <5% using various decoction times, the contents did not change. e contents of vanillin decreased using 10-20 min decoction time but did not change with 20-60 min decoction time. e RSD value of content was 3.16% (n � 6) and was <5% using 10-60 min decoction time, and the content did not change using 10-60 min decoction time.
erefore, the content of vanillin did not further change using 10-60 min decoction time.
e contents of ferulic acid increased with 10-20 min decoction time, peaking at 20 min, and then subsequently decreased with 20-60 min decoction time. e RSD value of content was 4.26% (n � 5) and was <5% with 10-50 min decoction time and the content did not change. erefore, the content of ferulic acid initially stabilized, and then decreased with 0-60 min decoction time. is indicated that the increase in the content of ferulic acid stabilized with 10-50 min decoction time and was partially degraded within 50-60 min. e content of senkyunolide I increased with 10-20 min decoction time, and then peaked at 20 min. It then subsequently decreased within 20-30 min, then increased within 30-50 min, and finally decreased within 50-60 min.
e RSD value of content was 1.11% (n � 5) and was <5% with 10-50 min of decoction, and then remained stable for 10-50 min. erefore, the content of senkyunolide I initially stabilized for 10-50 min, and then decreased for 50-60 min. For senkyunolide H, the RSD value of content was 3.39% (n � 5) and was <5% within 10-50 min and did not change within 10-50 min. erefore, the content of senkyunolide H initially stabilized, and then decreased from 10 to 60 min. Senkyunolide A decreased from 10 to 40 min, increased from 40 to 50 min, and then decreased from 50 to 60 min.
e RSD value of content was 0.49% (n � 3) and was <5% from 30 to 50 min, and then remained unchanged from 30 to 50 min. erefore, the contents of senkyunolide A initially decreased, then stabilized, and finally decreased from 10 to 60 min. e contents of butylphthalide decreased from 10 to 30 min, and then stabilized from 30 to 60 min.
erefore, butylphthalide content initially decreased and then remained unchanged within 10-60 min. e contents of Z-ligustilide within 10-30 min were 0 at 30 min. e contents of coniferyl ferulate and levistilide A were 0 at 10 min.
Trace amounts of coniferyl ferulate and levistilide A were undetectable at 10 min, indicating that these might have been degraded or not dissolved. Previous reports have shown that conifer ferulate readily hydrolyzes during decoction, and thus conifer ferulate degrades within 0-10 min. Levistilide A is a dimer of Z-ligustilide, and its chemical structure is more stable than Z-ligustilide, but Z-ligustilide content was higher at 0 min, and the degradation rate was higher within 0-10 minutes. Levistilide A was undetectable at 10 min, indicating that it might not have been dissolved. Based on the above results, the main constituents of CR were divided into two parts with different decoction times: the relative stable constituents and the unstable constituents. For the relative stable constituents, namely, ferulic acid, senkyunolide I, senkyunolide H, and vanillin, if we take the traditional decoction time 30 to 40 minutes as standard, then these four constituents were stable within 40 min during CR decoction and complied with the requirements of traditional decoction time. Ferulic acid, senkyunolide I, and senkyunolide H are active substances in CR, whereas vanillin requires further studies to confirm whether it is indeed an effective constituent. e unstable constituents included coniferyl ferulate, Z-ligustilide, senkyunolide A, butylphthalide, and levistilide A. e contents of these five constituents decreased or dissolved during decocting. e content of coniferyl ferulate was 0, but it could have undergone hydrolysis into ferulic acid during decoction, indicating that coniferyl ferulate is an indirect effective constituent. e dissolution rate of Z-ligustilide was low or easily degraded in water, but it can oxidize to senkyunolide I and senkyunolide H. However, as the oral bioavailability of Z-ligustilide was extremely low, the main metabolites in vivo included senkyunolide I, senkyunolide H, and n-butenyldenphthalide [24] [25] [26] . is indicated that Z-ligustilide is an indirect constituent of efficacy. Senkyunolide A also partially dissolved at 60 min and was easily converted to butylphthalide [21] ; it could enter the bloodstream, indicating that senkyunolide A is a direct constituent. Butylphthalide showed similar bioactivity with CR efficacy and could enter the brain [13, 14] . It is a direct constituent during the decoction of CR. ese findings indicated that the contents of constituents are different, and the effect on CR also differs with decoction time.
e differences of effective components were comprehensively analyzed in 10-60 minutes of decocting time by SIMCA-PCA. Because the contents of coniferous ferulate and levistilide A were 0 and the difference was small with the contents of vanillin, the other effective components were carried out by SIMCA-PCA analysis and cluster analysis. e result of SIMCA-PCA indicated that the first two principal components were selected, R 2 X (cum) was 0.993 and Q 2 (cum) was 0.959. Further combination of cluster analysis, 10 min and 20 min were one class; 30 min, 40 min, and 50 min were one class; and 60 min was one class (Figures 4(a) and 4(b) ). e results showed that 20 min and 50 min were two demarcation points in decocting time of CR for 10-60 minutes. e richness of effective components can be indicated as 10 min, 20 min > 30 min, 40 min, 50 min > 60 min.
Analysis of AAB in CR Decoction Using Different Decoction Times In Vitro.
Based on the results of antiplatelet aggregation, the calculated platelet inhibitory rate (PIR) was 10 min (47.94 ± 1.90%) > 20 min (47.63 ± 0.68%) > 30 min (42.38 ± 1.99%) > 40 min (39.20 ± 1.93%) > 50 min (38.93 ± 2.60%) > 60 min (24.76 ± 3.56%) ( Figure 5 ). AAB is expressed in the platelet inhibitory rate, indicating that AAB of CR decoction was decreasing within 10-60 min.
One-way analysis of variance (ANOVA) was performed, and Student-Newman-Keuls (SNK) was selected. In the statistical analysis of SNK, there was no significant difference between the same subset and there was significant difference between the different subsets in the subset of alpha � 0.05. In SPSS 19.0 statistical software, SNK in one-way ANOVA was selected to compare the differences of AAB in 10 min, 20 min, 30 min, 40 min, 50 min, and 60 min. e result indicated that there were significant differences (P < 0.05) between groups (Table 4) , and there was no significant difference between 10 min and 20 min, or among 30 min, 40 min, and 50 min. However, extremely significant differences were observed with the other decoction times (Table 5) . is indicated that AAB significantly differs with CR decocting times and could be mainly divided into three periods (time points), namely, the AAB using 10-20 min decoction time was the strongest, then using 30-50 min decoction, and finally 60 min. We concluded that AAB in CR varies with decoction time. 
Correlation Analysis of Effective Constituents and AAB In Vitro in CR Using Different Decoction Times
Analysis of Effective Constituents and AAB by SIMCA-PLS.
Based on results of SIMCA-PCA, ferulic acid, senkyunolide I, senkyunolide H, Z-ligustilide, butylphthalide, and senkyunolide A as independent variable (X), and AAB as dependent variable (Y) were conducted by SIMCA-PLS. e result of SIMCA-PLS indicated that the first two principal components were selected, R 2 X (cum) was 0.993 and Q 2 (cum) was 0.941. Under the conditions of effective ingredients and AAB, the decoction times were divided into three parts: 10-20 minutes, 30-50 minutes, and 60 minutes (Figure 6(a) ). In the loading scatter plot of SIMCA-PLS, six effective components and AAB were divided into two parts: Z-ligustilide, butylphthalide, and senkyunolide A were concentrated, while AAB and senkyunolide I, senkyunolide H, and ferulic acid were concentrated.
e result showed that there was a strong correlation among Z-ligustilide, butylphthalide, and senkyunolide A. And there was a strong correlation among senkyunolide I, senkyunolide H, and ferulic acid. Meanwhile, the change rule of AAB was similar to that of senkyunolide I, senkyunolide H, and ferulic acid (Figure 6(b) ).
Variables of Pearson Correlation Analysis.
e correlations of two variables could be studied by Pearson correlation analysis. In the decoction of CR for 10-60 (Table 6 ). e results indicated that there were significant differences (P < 0.05) between effective components, which were ferulic acid and senkyunolide I (correlation was 0.976), ferulic acid and senkyunolide H (correlation was 0.972), senkyunolide I and senkyunolide H (correlation was 0.982), senkyunolide A and butylphthalide (correlation was 0.974), senkyunolide A and Z-ligustilide (correlation was 0.947), butylphthalide and Z-ligustilide (correlation was 0.993), respectively. ere were significant differences (P < 0.05) between effective components and AAB, which were ferulic acid (correlation was 0.965), senkyunolide I (correlation was 0.973), and senkyunolide H (correlation was 0.999). e results were consistent with SIMCA-PLS.
Multiple Regression Analysis.
e relationship may be multivariate linear regression between effective components and AAB; i.e., multicomponent was correlated with AAB at the same time. According to the results of stepwise regression analysis, the R 2 of the model was 1 and the adjusted R 2 was 1, which showed that the model had a good fit (Table 7) . In variance analysis, the linear regressions of senkyunolide H and senkyunolide I had statistical significance (P < 0.05), and other effective components were of statistical significance (P > 0.05) ( Table 8) . ere were correlations between senkyunolide H, senkyunolide I, and AAB. Senkyunolide H (H) was positively correlated with AAB. Senkyunolide I (I) was negatively correlated with AAB, and its expression was AAB � 1.187 * H − 0.199 * I − 0.422 (Tables 9 and 10 ). 
Conclusion
e contents of effective ingredients are different in CR at different times. With the prolongation of decoction time, effective ingredients possess transformation and degradation, and AAB decreases.
e changes of effective ingredients are consistent with AAB in CR decoction: 10 minutes, 20 minutes > 30 minutes, 40 minutes, and 50 minutes > 60 minutes.
ere are synergistic relationships between effective ingredients; meanwhile, effective ingredients and AAB are correlated. In the analysis of correlation between multicomponent and AAB, senkyunolide I, senkyunolide H, and AAB showed a linear relationship, senkyunolide H was positively correlated, senkyunolide I was negatively correlated, and the other effective ingredients were not correlated with AAB.
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